Background: Access to ultrasound has increased significantly in resource-limited settings, including the developing world; however, there remains a lack of sonography education and ultrasound-trained physician support in developing countries. To further investigate this potential knowledge gap, our primary objective was to assess perceived barriers to ultrasound use in resource-limited settings by surveying care providers who practice in low-and middle-income settings. Methods: A 25-question online survey was made available to health care providers who work with an ultrasound machine in low-and middle-income countries (LMICs), including doctors, nurses, technicians, and clinical officers. This was a convenience sample obtained from list-serves of ultrasound and radiologic societies. The survey was analyzed, and descriptive results were obtained. Results: One hundred and thirty-eight respondents representing 44 LMICs including countries from the continents of Africa, South America, and Asia completed the survey, with a response rate of 9.6 %. Ninety-one percent of the respondents were doctors, and 9 % were nurses or other providers. Applications for ultrasound were diverse, including obstetrics (75 %), DVT evaluation (51 %), abscess evaluation (54 %), cardiac evaluation (64 %), inferior vena cava (IVC) assessment (49 %), Focused Assessment Sonography for Trauma (FAST) exam (64 %), biliary tree assessment (54 %), and other applications. The respondents identified the following barriers to use of ultrasound: lack of training (60 %), lack of equipment (45 %), ultrasound machine malfunction (37 %), and lack of ultrasound maintenance capability (47 %). Seventy-four percent of the respondents wished to have further training in ultrasound, and 82 % were open to receiving distance learning or telesonography training. Subjects used communication tools including Skype, Dropbox, emailed photos, and picture archiving and communication system (PACS) as ways to communicate and receive feedback on ultrasound images. Conclusions: Health care providers in the developing world identify lack of training as a primary barrier to regular use of ultrasound in their practice. While equipment requirements including maintenance and cost of machines are also important factors, future research is warranted on best practices for training methods, including telesonography and distance learning to enhance ultrasound use in low-resource settings.
Background
The use of ultrasound in the developing world has increased exponentially over the past decade and encompasses a diverse range of applications [1] [2] [3] [4] . As ultrasound machines have become smaller, more reliable, and less expensive, their availability in developing countries has increased dramatically [5] . Though there is significant literature regarding the feasibility, utility, and applications for which ultrasound may be used, there is a paucity of evidence regarding optimal training and barriers to using ultrasound in low-resource settings. One review on the topic by LeGrone et al. suggests that the majority of providers using ultrasound in developing countries have received less training than what is required to meet the minimum standards set forth by the World Health Organization (WHO) [6] . These standards recommend a minimum of 3-6 months of directed education including 300-500 ultrasound examinations [7] . Major barriers to completing this training included lack of trained teachers and inability to spend enough time at training sites far from a provider's primary clinical site. However, this study was limited in that, as a literature review, it only examined ultrasound training which had been previously described in published articles [6] . Our goal was to identify perceived barriers to the use of ultrasound in developing countries, to identify if this included inadequate training, and to explore if providers would be interested in using distance learning modules to further their training in the use of ultrasound.
Methods
The study was approved by the University of Washington Institutional Review Board. A 25-question online survey (Appendix) was distributed by email to a convenience sample of 1435 practitioners with potential experience using ultrasound in low-and middle-income countries (LMICs) and who were members of ultrasound interest groups including the Emergency Ultrasound Section of the American College of Emergency Physicians, the Academy of Emergency Ultrasound Section of the Society for Academic Emergency Medicine, and the American Institute of Ultrasound in Medicine Global Health Interest Group. These providers include members of Partners in Health, Doctors Without Boarders, and International Medical Care and Global Emergency Care Collaborative who are known to work in LMICs with ultrasound and to be part of these listserves. The survey was also directly emailed to some providers of the above organizations who are known to work with ultrasound in LMICs. These providers included doctors, nurses, technicians, and clinical officers. Consent was obtained via the first question in the survey. The survey contained demographic questions including level of training, clinical facility, and country of clinical work. The survey contained ten "yes/no" questions regarding surgical capability at the clinical site, radiographic capability at the site, ultrasound availability, and history of formal and informal ultrasonography training. The survey contained 15 multiple-answer questions regarding the types of ultrasound studies participants perform, types of probes available for ultrasound machines, technical problems encountered with ultrasound machines, availability and type of repair for ultrasound machines, problems with image interpretation, and the support of radiology staff for image interpretation. The survey was analyzed with simple statistics, and descriptive results were obtained from multipleanswer and free text answer choices.
Results
One hundred and thirty-eight providers completed the survey giving a response rate of 9.6 %. Respondents were from 44 countries covering Africa, South America, and Asia (Table 1) . Ninety-one percent of the respondents were doctors, and 9 % were nurses or other providers. Applications for ultrasound were diverse, including obstetrics (75 %), DVT evaluation (51 %), abscess evaluation (54 %), cardiac evaluation (64 %), inferior vena cava (IVC) assessment (49 %), Focused Assessment Sonography for Trauma (FAST) exam (64 %), biliary tree assessment (54 %), and other applications. The respondents identified the following barriers to use of ultrasound ( Table 2) : lack of training (60 %), lack of equipment (45 %), ultrasound machine malfunction (37 %), and lack of maintenance (47 %). Seventy-four percent of the respondents wished to have further training in ultrasound, and 82 % were open to receiving distance learning or telesonography training. Subjects used communication tools including Skype, Dropbox, emailed photos, and picture archiving and communication system (PACS) as ways to communicate and receive feedback on ultrasound images.
Discussion
Ultrasound use has been increasing at a rapid rate in the developing world due to improved portability, durability of machines, and the recognition of the diverse diagnostic capabilities that ultrasound can offer in austere settings [5] . While there has been significant ultrasound implementation in the developing world, much of this has been equipment only without training, in settings where formal schooling for sonography and radiology specialty training for physicians does not exist, leaving care providers to scramble for knowledge of clinicianperformed point-of-care ultrasound applications. Review of the literature reveals much of the ultrasound training that is currently documented in developing countries may be short-term training under the auspice of foreign non-governmental organizations (NGOs) and aid projects that may not provide long-term repeated trainings, machine maintenance, or help with image interpretation after the initial training period.
Providers in the developing world continue to encounter significant barriers to the use of ultrasound, including lack of training, machine malfunction, and inability to perform maintenance on existing machines. Many providers are receptive to the idea of distance learning modules, which will be an important area of future research and implementation. Further research should be directed towards the optimal type and duration of training for each specific point-of-care ultrasound application, such as the FAST exam and limited obstetric ultrasound, and whether training needs differ for different learner types (e.g., medical doctors versus clinical officers or nurses), in order to develop distance-learning modules which are concise and content rich. Further investigations into an internationally recognized standard of training or certificate program would also be of benefit to help ensure quality of training and optimal application of ultrasound technology [8] . Similarly, developing a standardized monitoring-and-evaluation protocol for providers in the developing world to have an objective measure of the quality of their exams, image acquisition, and image interpretation would be of tremendous benefit for ongoing quality of care. Future research efforts should also focus on the sustainability of ultrasound use, including the feasibility of "train the trainer" approaches to increasing local provider investment in continuing ultrasound programs at their home clinical sites.
The limitations of this study include low response rate, the use of a yet un-validated survey, the use of a convenience sample from US-based ultrasound list-serves, and possible recall bias as providers were asked to selfreport on past experiences. These limitations are at least in part because there is no single, dedicated list-serve for LMIC ultrasound practitioners, and it is unlikely that the majority of subscribers to the list-serves sampled practice in LMICs. We acknowledge that the majority of No support personnel to answer questions 38. providers in LMICs are non-physician clinicians, which are not represented well in this survey which may also lead to a lack of generalizability. We hope to improve on these limitations by modifying this pilot survey and distributing it to the nurse in charge at 50 facilities within Uganda and Zambia. We anticipate a high response rate and more generalizable results from this focused demographic.
Conclusions
Ultrasound has the capability to markedly improve diagnostic capabilities in the developing world; however, the success of this diagnostic modality is operator as well as equipment dependent. Our study identifies current barriers to ultrasound use in low-resource settings including lack of ultrasound training and sufficient equipment, as well as lack of access to reliable machine maintenance. Further research should be directed towards developing concise, content-rich distance learning modules, programs for creating sustainable training opportunities, and a recognized international standard of assessment and certification in ultrasound. 
